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Abstract. The adaptive significance of colour polymorphisins in adult females within the Odonata
remains controversial. Proposed benefits for male-like andromorphs include increased reproductive
isolation and/or decreased harassment from conspecific or heterospecific males. Proposed costs
balancing such benefits are increased predation on andromorphs, and/or failure of andromorphs to
mate at low male densities. Nevertheless, data from past studies are insufficient to reject convincingly
the null hypothesis that colour polymorphisms are neutral with respect to natural or sexual selection.
Long-term data on two species of Erallagma damselflies are presented that are consistent with the null
hypothesis. Male responses to tethered females suggested that males more readily recognize the most
abundant morph as ‘female’. Nevertheless, the two colour morphs did not differ in the time of day that
they were seen in tandem, daily or lifetime mating frequency, life span, oviposition duration,
inter-clutch interval, or maturation rate. These results indicated that male discrimination between
morphs was predictive of neither costs nor benefits of the polymorphism in terms of female reproductive

SUCCESS.

Within the Odonata and especially within the
damselfly family Coenagrionidae, sexually mature
females of many species exhibit colour polymor-
phistns (Tillyard 1917; Walker 1953). Typically
the body coloration (but not necessarily pattern)
of adult ‘andromorphs’ (or ‘androchromotype’,
Hilton 1987) resembles that of males, whereas that
of ‘heteromorphs’ differs considerably from the
male’s (Johnson 1964). Coloration of mature
females has been found to be controlled by one to
two genes. The andromorphic allele is tecessive in
Ischnura damula and I demorsa (Johnson 1964,
1966) but dominant in 1. graellsii (Cordero 1990a).
Although immature females also may exhibit
developmental colour changes that signal their
receptiveness to males, and sexually mature
andromorphs may change inte heteromorphs (e.g.
I verticalis, Fincke 1987}, I focus here on colour
polymorphisms that do not change after females
mature sexually.

Several authors have proposed that female
polymorphisms are selectively maintained by a
balance of costs and benefits to each morph. Two
relative advantages that have been proposed for
andromorphic {emales are more effective repro-
ductive isolation (Johnson 1975; De Marchi 1990)
and reduced harassment of mated females by
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males (‘male mimicry hypothesis’, Robertson
1985; “density-dependent hypothesis’, Hinnekint
1987). Two costs proposed to balance such advan-
tages are greater predation risk to the purportedly
more conspicuous andromorph (Johnson 1973;
Robertson 1985) and/or failure of andromorphs
to mate at low male density {(Hinnekint 1987).
This latter cost was first proposed for female
butterfly morphs that mimic unpalatable hetero-
specifics (Vane-Wright 1980, 1984), but because
no odonate is known to be unpalatable, Vane-
Wright’s hypothesis for the maintenance of the
dimorphism is unlikely to be applicable to odo-
nates. Stamps & Gon (1983) hypothesized that
colour polymorphisms are limited to the female
sex because sexual selection on male coloration
overrides the benefits to males of being cryptic.
However, because thorax and abdomen color-
ation of coenagrionid damselflies is not known to
function in either male-male competition or
female choice, this hypothesis is not applicable
to this family, where polymorphism is limited to
body coloration.

Alternatively, coloration of odonate females
may be a selectively neutral character whose
frequency varies among populations as the result
of founder effects and random genetic drift
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{hereafter termed the “null hypothesis’}. Although
equal lifetime fitness of the morphs is consistent
with both the null and the adaptive hypotheses,
the null hypothesis predicts no differences between
morphs in fitness correlates (e.g. survivorship and
mating efficiency} despite fluctuations in male or
female density, morph frequency, or the oper-
ational sex ratio. In contrast, the adaptive hypoth-
eses predict that fitness correlates differ between
motrphs but are balanced at an equilibrium fre-
quency, either by fixed trade-offs in fitness corre-
lates between morphs, or by fluctuating fitness of
the morphs. For example, relative to hetero-
morphs, andromorphs may consistently have
greater mating and/or oviposition efficiency but
fower survivorship (Johnson 1975; Robertson
1985). Or, as proposed by Hinnekint (1987), the
mating efficiency of andromorphs may be higher
than that of heteromorphs at high male density
but, because males are always less likely to recog-
niz¢ andromorphs as potential mates, at low male
density, andromorphs may be more likely to
remain unmated. Alternatively, if males more
readily recognize the majority morph as ‘female’
(herein} and, consequently, the minority morph
enjoys relatively greater mating efficiency as long
as it remains relatively rare, the polymorphism
could be maintained by negatively frequency-
dependent selection (see Futuyma 1986). Or, if
male discrimination between morphs is affected
cither by male-male competition for mates or
the rate of encounters with females, the relative
mating efficiency of morphs may fluctuate
with the operational sex ratio or female density,
respectively.

I here define ‘mating efficiency’ for a mated
female as the inverse of the number of times she
mates per clutch laid, “Mating failure’ refers to a
female’s failure to obtain at least one copulation
that results in a sufficient load of viable sperm.
Multiple matings typically correlate with male
fitness, but not with female fitness for species that
can use stored sperm to fertilize all of their eggs
after a single mating (e.g. Grieve 1937, Fincke
1987, 1988; Cordero 1990b). To the extent that
they offer no benefit (but see Fincke 1986a, 1987),
multiple matings are disadvantageous to females
because they require females to spend more time
at the breeding site when they might otherwise be
foraging. Other possible fitness ‘costs’ of multiple
matings are damage incurred by males and greater
predation pressure at brecding sites than in forag-
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ing areas. Heterospecific tandems not only
decrease mating efficiency but would represent a
substantial loss of fitness if sterile eggs were laid as
a result (e.g. Oppenheimer & Waage 1987).

For odonates, an understanding of the mainte-
nance of the polymorphisms in populations and
an adequate rejection of the null hypothesis
require the following data for each female morph:
(1) frequency of muitiple matings with different
males per visit to the mating site, (2) the frequency
of interspecific tandem pairings, (3) life span of
marked individuals, (4) frequency and duration of
ovipositions, and (5) emergence pattern and rate
of sexual maturation. Additionally, some authors
have cited male discrimination between morphs
{i.c. either pinned or tethered females) as a mech-
anism that may allow andromorphs to enjoy
reduced harassment from either conspecific (e.g.
Robertson 1985; Cordero 1989; Céordoba-Aquilar
1992} or heterospecific (De Marchi 1990; Forbes
1991) males.

Past studies on odonates that reported selective
benefits and/or costs to either morph have failed
to demonstrate statistically significant differences
between the morphs in terms of fitness correlates.
Johnson (1975) found that the frequency of
andromorphic I damula was greater when it was
sympatric with I demorsa than when the species
were allopatric (9-27% versus 1-5%, respectively).
Of 220 I damula males observed in tandem with
females, 18 were heteromorphic I demorsa,
whereas none were mispaired with andromorphic
F demorsa, At the highest observed andromorph
frequency (0-27), the lack of heterospecific pair-
ings with andromorphs was significantly less than
that expected by chance (x2=6-7, df=1, P<0-01).
Nevertheless, at the lower morph frequency (0-09),
the expected number of heterospecific tandems
with andromorphs was only 1-6, toc low to differ-
entiate the expected from the observed value of 0.
Thus, because the 220 tandems represented
pooled data from several sympatric populations
with varying morph frequencies over a 3-year
period, it is impossible to test statistically whether
andromorphs formed fewer interspecific tandems
than expected by chance alone. Similarly,
Johnson’s method of estimating daily female
survivorship for I demorsa (0-90 for hetero-
morphs and (74 for andromorphs) prevented
him from showing that differences in survivorship
were statistically significant. In order to be accu-
rate, mark-recapture estimates require a high
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frequency of recaptures. Even if one conserva-
tively assumes that each of Johnson’s recaptures
{Table 3 in Johuson 1975) was a unigue indi-
vidual, at best only 32% of the marked hetero-
morphs and 22% of the andromorphs could have
been resighted during the 9-day study period.

In a later study, Robertson (1985) concluded
that andromorphic L ramburi were ‘male mimics’,
selectively favoured because, once mated, they
enjoyed increased mating effictency by avoid-
ing harassment from males secking mates.
Robertson’s conclusion rested on the finding that
the mating frequency of andromorphs (17% of
total tandems seen over 24 days) was less than
expected from their frequency in the population
(30% of a 2-day sample). Robertson’s conclusions
were valid only if the frequency of receptive
andromorphs in his 2-day sample was representa-
tive of their frequency in the population over the
entire 24-day span, a questionable assumption
(see Results). Furthermore, Robertson did not
demonstrate any differential cost to heteromorphs
or andromorphs. Only four of the heteromorphs
were found mating more than once during the
24-day period. Moreover, no females were
observed to form more than a single tandem on
any given day. These findings are surprising if
heteromorphic females were less adept than
andromorphs at avoiding unwanted male atten-
tion, either on a given day or between oviposition
of successive clutches. Moreover, late in the day
when females oviposited, both morphs effec-
tively repelled males (H. M. Robertson, personal
communication, 1992).

Hinnekint’s (1987) conclusion that andromor-
phic females of I elegans were selected against at
low male densities was based on a positive corre-
lation between the frequency of andromorphs and
maie density of three populations studied by Parr
(1969). However, the frequency of andromorphs
in Parr’s three populations (0-35, 0-33 and 0-27)
were not significantly different from each other
(x*=30, df=2, P>01). Furthermore, Hinnekint
did not demonstrate any cost to female andro-
morphs at low male densities.

More recently, Cordero (1992) analysed mat-
ings by two types of heteromorphs and an andro-
morph in two populations of I graellsii, and
reported that a greater proportion of andro-
morphs than heteromorphs failed to mate in a
‘low density’ population. Although Cordero con-
cluded that his results supported Hinnekint's
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density-dependent  hypothesis, closer scrutiny
reveals that his data failed to reject the nuil
hypothesis. First, the proportion of females that
were not seen to mate did not differ significantly
among the three morphs (x>=4-78, df=2, P>0-05
rather than ¥*>=6-76 as stated in Cordero’s Table
7). Second, data on I graellsii did not support
Hinnekint’s assomption that mating failure of
andromorphs results from male discrimination
between morphs as potential mates. The total
number of observed matings accounted for by
each morph (calculated from the mean number of
matings X N in Cordero’s Table 7) was random
with respect to the frequency of the morph in
the sample for both the ‘low density’ (x2=3-09,
df=2, P>(0rl) and the ‘high density’ population
(x?=0-88, df=2, P>0-5). Finally, Cordero found
no advantage to andromorphs in the ‘high
density’ population that could balance the pur-
ported disadvantage to these females in the “low
density’ population (see also Fincke, in press).
From the above literature critique, I conclude that
neither the adaptiveness nor the mechanism main-
taining female dimorphism in natural populations
has been adequately demonstrated.

Here T report results of an experiment testing
males’ reactions to tethered females, and demon-
strate that male Enallagma hageni, like several
other coenagrionids, more readily recognize the
most abundant morph as ‘female’. Nevertheless,
male bias towards the majority morph was predic-
tive of neither the timing nor the frequency of
tandems by natural females. Results from long-
term studies of E. hageni and E. boreale show that
andromorphs and heteromorphs did not differ in
any of the fitness correlates measured, consistent
with the null hypothesis that colour poly-
morphism of adult females is selectively neutral
in these populations.

METHODS
Experimental Presentation of Individuals to Males

The reaction of males to live tethered females
of each morph and control males was noted for
E. hageni at a large pond near Munro Lake,
Cheboygan County, Michigan between 15 and 19
July 1982, Individuals were tethered by gluing a
moneofilament thread to the thorax with Duce
cement. The line was then tied to reed stems,
which were placed (5 m above the water, 0-5-
1-0 m from shore in oviposition areas. So tethered,
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the damselflies had too short a lead (1-2 cm) to fly
naturally, and they typically remained perched
during the trals, Test individuals were captured
just prior to the experiment and used for one trial
only. Individuals were presented sequentially for
timed intervals of 15 min each (three treatments,
nine total trials). Male responses to tethered
females were divided into five mutually exclusive
categories: {1) perching, (2) hovering, (3) prab-
bing, (4) tandem formation, and (5) attempted
take-over of females already in tandem. Remov-
ing or marking males that responded would have
disrupted the experiment. It is thus possible that
the same male made multiple responses during the
15-min period. Nevertheless, because marked
males typically flew out of the area after inspect-
ing the test individual, it is unlikely my results
were biased by repeated, atypical responses of a
few males. The frequency of andromorphs in this
population was (26, determined by capiuring 39
single females on 15 and 16 July.

I compared my results with those from similar
past experiments using pinned or tethered indi-
viduals. Because methods varied skightly among
authors, 1 designated ‘grabbing’ or ‘tandem
formation’ as positive sexual responses by males. [
report the proportion of total positive sexual
responses by males to andromorphs, hetero-
morphs, and control males (when the latter were
included in the experiment).

Mating Frequency and Fitness Corr¢lates of
Enallagma Morphs

From 12 June to 8 July 1980, I studied a
population of E. boreale at a small pond (90-m
perimeter) in Munroe County, Michigan (here-
after, ‘Barley Pond’). Here, E. boreale was the
only Erallagma present except during the final
week when E. ebrium began breeding at the pond.
Although I observed few mature E. boreale before
12 June, I curtailed the study before the breeding
season ended in mid-July. On 15 days (overcast
days of inactivity were excluded) starting between
0830 and 1300 hours and ending between 1550
and 1830 hours (X433 h of observation/
day=6-8 £ 0-3 h, range=47-8-3 h), I marked the
males and females with mature adult coloration
that I found around the pond by writing a number
in indelible ink on the wing. Over the 23-day span,
I measured the forewing and abdomen length of a
subset of these males and females. I noted resight-
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ings of marked individuals but did not recapture
damselflies after the initiai marking. I measured
relative life span as the time between first and last
sightings at the pond. Females with mature col-
oration when marked were assumed to be sexually
receptive because nearly all that were seen at the
pond were in tandem. Single adults were common
in an adjacent field. I measured the operational
sex ratio at the pond as the pumber of marked
males per female sighted. Because I never
resighted 78-5% of the 554 females marked, and
my study pond was within 0-4 km of another pond
on which E, boreale bred, for this species only, I
limited all but the daily analyses to individuals
seen at least once after they were marked, either
on the same day or on subsequent days. I stopped
marking individuals on 4 July but continued to
search the pond areas for females until 8 July to
lessen any effect on average life span caused by
females marked towards the end of the study. The
capture and marking of tandem pairs resulted in
their separation. I recorded all multiple tandems
by a given female with different males during the
same day, and noted tandem females that success-
fully rejected males. Rejection behaviour included
females failing to raise their abdomens to copula
position while holding onto a perch, or resisting
flight, resulting in a zigzag flight pattern (see Bick
& Hornuff 1966). Males usvally released such
females within a few minutes.

On 18 days between 9 July and 3 August 1980,
I measured survivorship and mating frequency of
E. hageni at an isolated pond (“East Point Pond’,
110-m perimeter) at the University of Michigan
Biological Station near Pellston, Michigan. At this
site E. hageni was the only Enallagma present
during the study (although a few E. carunculatum
were found at the pond in mid-August). Beginning
between 0830 and 1300 hours, and ending between
1600 and 1830 hours (¥+se h of observation/
day=6-1+04h, range=41-82h), I marked
individuals and noted the presence of marked
individuals and tandem pairs. On day 8 of this
study, a storm developed around noon before
many females arrived at the pond. Consequently
the operational sex ratio was abnormally large
{9-8), nearly twice that of the second largest ratio,
I thus excluded day 8 from the correlations
between daily mating efficiency of E fagens
morphs and the operational sex ratio, density, and
morph frequency. Otherwise, methods were
similar to those above and are described in detail
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Table I, Number of male responses to live tethered female E. kageni during 15-min trials

(three per test group)

Attempted
Test individual Perch Hover Grab Tandem take-over
Heteromorph 12 56 118 21 13
(15-2) (101-2) (84-2) (10-1) (7-4)
Andromorph 14 101 62 1 3
(12-5) (836) (69-5} (8-4) (6:1)
Male 7 63 3 0 0
50y (33-0) (27-5) (3-3) 24

Numbers in parentheses are the expected values if the type of response to the test
indivduals was random (x*=116-7, df=8, P<(-025).

elsewhere (Fincke 1982). For both species in 1980,
all data refer to individuals marked as sexually
mature adults. For both species, I analysed the
data by seasonal period (i.c. days 1-10, 11-19, and
20-25) to detect possible trends in fitness corre-
lates among females that became sexually mature
in early, mid- and late season. In 1980, the number
of marked individuals seen daily was a good
estimate of male and female density at the breed-
ing site because in this year both study species
were marked and resighted only within 7 m of the
pond perimeter. Throughout, means are presented
with standard errors, and {-tests are two-tailed.

In 1982, from 26 June to 29 July, I marked and
resighted E. hageni around East Point Pond and in
an adjacent field where females and males could
be found on days when they were not at the pond.
In this year 1 concentrated on measuring total
oviposition duration of a subset of females that
were followed as tandem pairs until the female
finished ovipositing that day. Oviposition comple-
tion was determined either when a female, upon
resurfacing, successfully resisted a male’s tandem
attempt, or flew away from the pond and was not
seen again that day (see Fincke 1986a for details).
For females that visited the pond more than once,
[ calculated the inter-clutch interval as the number
of days between visits to the pond (i.e. minimum
interval was 1 day for a female returning the next
day).

At East Point Pond, from 7 June to 5 July 1981,
1 marked newly emerged E hageni on the thorax
with a dab of enamel (colour-coded to day),
whereas | wrote numbers on the hardened wings
of tenerals that were a day old or older (indicated
by wing condition). I also marked sexuvally matyre
individuals (indicated by body coloration) at the

pond and in the adjacent field daily until 15 July.
As mature individuals started arriving at the pond
around 16 June, I concentrated on recording
matings and adults at the pond. In contrast with
the other study years, in 1981 the population of
E. hageni emerged early and declined early and
abruptly, with fewer than five tandem pairs seen
daily from 10 to 12 July. For E hageni, the study
period in all years spanned 80-100% of the breed-
ing season and, in 1981, some unknown portion of
the emergence period.

RESULTS

Male Responses to Experimental Individuals

Because the reaction of E. hagen/ males to the
three treatment groups was similar across the
three trials, results were pooled (Table I). Males
responded in a sexnal manner (ie. grabbed
females, formed tandems, or attempted take-over
of a female already in tandem) more frequently to
heteromorphs than they did to andromorphs
(x2=51-4, df=4, P<0-005). Nevertheless, males
responded sexually to andromorphs more fre-
quently than they did to control males (x°=277,
df=4, P<0-003).

Table II presents comparative data on the pro-
portion of total sexual responses that males
showed to individuals of each treatment group,
and the reported frequency of andromorphs in the
study populations. For seven of the nine species
listed, males responded sexually more frequently
to the most abundant morph in the population.
Moreover, among coenagrionids, the proportion
of the total sexual response to females that was
directed towards andromorphs was correlated
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Table II. Comparison of the proportion of total sexual responses (grabbing or tandems})
by males to pinned or tethered individuals and the frequency of andromorphs in the

populations
Sexual response to
Andromorph
Species A H Male frequency Source
Coenagrionidae
Enallagma
boreale 067 033 — 0-68 Forbes (in press)
ebrium* 16 084 — 0-05 Forbes 1991
hageni 030 069 001 0-26 Fincke this paper
Ischnura
ramburi 034 047 019 0-31 Robertson 1985
graellsii 0-18 67 014 014 Cordero 1989, 1990b
denticolfist ¢35 (65 000 — Cérdoba-Aguilar 1992
Argia
apicalis 0-35 065 — 0-48 Bick & Bick 1965
vivida 042 (-58 — 0-66 Table 1 in Conrad
& Pritchard 1989
Calopteryidae
Calopteryx
splendens 052 048 — 010 De Marchi 1990

A: Andromorphs; H: heteromorphs.

*Response to E. boreale females, whereas the frequency of andromorphs is that for

E. ebrium.

tAndromorphs represented the minority of mated females, but the frequency of
andromorphs in the population at large was not provided.

positively with the frequency of andromorphs in
the population (r=0-86, N=7, P<0-05). In the
case of E ebrium (Forbes 1991), males were
presented with morphs of E. boreale, which are
similar in colour to those of E. ebrium. Enallagma
ebrium males responded to E. boreale females as
if they were conspecifics, showing a preference
for heteromorphs, the majority morph in the
E. ebrium population, but the minority morph in
the E. boreale population. In Argia vivida, the
reaction of males to the two morphs did not differ
from 1:1 (Conrad & Pritchard 1989) although
andromorphs were more abundant than hetero-
morphs. Calopteryx splendens males also did
not display a preference for either morph despite
the low frequency of andromorphs in the study
population. However, unlike the coenagrionids
tested, andromorphic C. splendens differed from
heteromorphs in wing, rather than body, colour.

Morph and Mating Frequency

For both E. hageni and E. boreale, the thorax
and abdomen of heteromorphs were dull or

brownish green, whereas those of andromorphs
were blue, similar to, but not as bright as, male
coloration. For both species, none of the females
marked as mature adults in any year were found
to change from one morph to the other although
one marked E. boreale was of intermediate colour.
Of the total 554 mature E. boreale females marked
over the 23-day study in 1980, 45% were andro-
morphs, significantly higher than the frequency of
andromorphic E. hageni at East Point Pond in the
same year (y?=26:6, df=1, P<0-005). Over the
3-year span, the frequency of sexually mature
andromorphic E. hageni at East Point Pond did
not vary significantly: 26% in 1980 (N=370), 31%
in 1981 (¥=166) and 36% in 1982 (N=103,
=43, df=2, P>0°1).

My estimate of the effective population size (see
Futuyma 1986) of E boreale was 949 (4 x 431
marked, mated males x 528 mated females/959).
For E. hageni, the effective population size varied
from 695 in 1980 (338 mated males and 358
females) to 181 in 1981 (87 mated males and 94
females). 1 saw 114 males and 90 females mating
in 1982, but this sample underestimated the
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Figure 1. Time of day tandems were first sighted (1980
data) for andromorphic (M) and heteromorphic (1)
female E. boreale (a) and £ hageni (b).

effective population size because my observations
were concentrated on only a subset of marked
individuals.

The mating and oviposition behaviour of
E. boreale was similar to that of E. hageni which
has been described elsewhere (Fincke 1982, 1988).
For both species, females came to the breeding
site only after they had mature eggs and were
receptive to mating. Mating duration of E. boreale
was about a half hour {(X=25-5+ 25 min, N=2),
similar to that of E hageni (Fincke 1982). After
mating, a male remained in tandem with his mate
until she climbed headfirst down an emergent
plant stem, where she oviposited under water.
Females remained under water for as long as
80 min, and upon resurfacing were either taken in
tandem by guarding mates or other males, or flew
away from the pond. Five and four andromorphs
versus seven and 13 heteromorphs of E. horeale
and E. hageni (1982 data), respectively, were seen
to reject males that had taken them in tandem
after resurfacing. For neither species was there a
significant difference in the time of day females of
each morph were first observed in tandem (Fig. 1).
Furthermore marked males that mated more than
once did so randomly with respect to female
colour morph {Table ITI).

The frequency of daily and lifetime tandems
were random with respect to morph colour. None
of the 23 and 2! daily mating fTequencies
by andromorphic and heteromorphic female
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E. boreale and E. hageni respectively listed in
Tables IV and V differed from that expected if
mating frequency reflected only the number of
each morph present at the pond (x* tests). Over
the study, andromorphs accounted for 305 (0-44)
of the total 686 E. boreale tandems observed
(x*=026, df=1, P>0-5), and for 161 (0-26) of the
630 E. hageni tandems observed (x*=2-0, df=1,
P>0-1).

Reproduction and Survivorship of Morphs

In 1980, for both E. boreale and E. hageni, there
was no difference between heteromorphs and
andromorphs in size, life span, number of visits to
the pond (a function of the number of clutches
matured and, in this year, the number of days a
female was seen), the number of mates per clutch,
or total tandems per life span (Table VI). In
addition, andromorphic E. hageni did not differ
from heteromorphs in oviposition duration, inter-
clutch interval, or maturation rate (Table VII). In
1982, 19% of the 37 sexually mature E. hageni
andromorphs and 14% of the 66 heteromorphs
were noi seen to mate, no different from that
expected if mating failure was random with
respect to female colour (y2=0-50, df=1, P>0-5).
All but four of the unmated females were sighted
only once, whereas mated females were sighted
repeatedly.

In 1980, the mean density of male E. hageni
{exciuding days with less than 10 mature males at
the pond) was about three times higher
(x*=95-9+11'5 males, range=16-167, N=15
days), than it was in 1981 {X¥=30-7 + 3-9 males,
range=10-64, r=53, N=21 days, P<0-001) when
the population declined abruptly. Nevertheless, in
1981, there was no difference between the morphs
in the number of matings obtained or in their
mating efficiency {inverse of ‘mates/clutch’, Table
VI). As shown in Table VIII, 55% of the mature
andromorphs and 37% of the heteromorphs were
not seen to mate. For females seen once (70% of
total), there was no difference in mating failure
between morphs, whereas andromorphs seen 2 or
more days were less likely than heteromorphs to
be seen mating. However, these females were also
sighted relatively less often and over a shorter
time span. Thus, the relatively greater mating
failure of andromorphs in this year did not
result from discrimination between mortphs by
mating males. Despite the longer life span of
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Table IIL. Distribution of matings with respect to colour morphs by individual males () mating at least twice in

their life (1980 data)

N Distribution of matings $?
Two matings AA AH HH
E. boreale 76 21 34 21 2-56 NS
(15:39) {37-63) (22:99)
E. hageni 87 5 30 52 228 Ns
(6:82) (35-08) (45:10)
Three matings AAA AAH AHH HHH
E. boreale 24 1 6 16 1 7-85 Ns
(2-18) (799) (9-79) (3-99)
E. hageni 43 0 6 18 19 1-70 ns
{0-94) (7:28) {18-72) (16-04)
Four matings AAAA AAAH AAHH AHHH HHHH
E. boreale 7 0 0 5 2 0 4-63 N5
(0-29) (1-4) (2:57) (2-10) (0-64)
E. hageni 10 0 2 2 2 4 5-45Ns
(0-63) (0-63) (2-44) (2-d4) (4-18)

A: Andromorphs; H: heteromorphs.

Only two male E hageni mated more than four times, whereas no E boreale males did so. Expected values in
parentheses were caleulated using the mean frequency of morphs in the two populations.

Table IV. Number of E. boreale female morphs found daily in tandem, alone, and in multiple sequential tandems
with different males, and the total number of unique males and females present at Barley Pond

Andromorphs Heteromorphs
Multiple Multiple

Day % Total Tandem Solo matings Tandem Solo matings Males/females

1 63% 5 0 0 3 0 ] 23/8

2 47% 8 0 0 9 0 0 4517

5 4% 17 0 0 7 0 1 64/23

6 63% 15 1 1 9 ] 0 115/24

9 45% 28 0 4 30 1 2 94/53
10 46% 21 0 2 23 2 3 115/4]
11 31% 11 0 3 24 1 7 129/26
12 44%, 27 2 é 35 0 6 108/52
13 49% 54 2 7 58 0 6 152/101
14 46% 23 1 3 27 0 2 180/46
15 33% 24 1 1 54 2 7 143/73
19 39% 14 1 1 23 1 2 140/36
21 38% 16 3 4 18 7 4 109/34
22 36% 13 1 0 30 0 5 109/39
23 45% 29 iy 8 K} 0 5 128/47

The total number of individual females present=tandem+ solo — multiple matings.

heteromorphs in this year, as a result of long
inter-clutch intervals, heteromorphs did not visit
the breeding site more ofien than andromorphs
(Table VT).

Table IX shows the morph frequency of tener-
als, the proportion of teneral E. hageni surviving
to sexual maturity, and the frequency of individu-

als marked as mature adults in 1981 and 1982,
About a third of the teneral females could not be
identified to morph because they were too pale at
the time of marking and they were not resighted.
Of the tenerals scored as andromorphs that were
later found as adults in 1981, two (4%) were
resighted as mature heteromorphs, indicating that
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Table V. Number of E. hageni female morphs found daily in tandem, alone, and in muitiple sequential matings with
different males, and the total number of unigue males and females present at East Point Pond (1980 data)

Andromorphs Heteromorphs
Multiple Multiple
Day % Total Tandem Solo matings Tandem Solo matings Males/females
1 23% 5 1 1 16 3 2 122/22
2 26% 21 0 4 59 2 12 156/66
3 22% 12 i 11 93 0 15 147/100
4 23% 16 0 5 46 1 11 90/47
5 37% 13 0 2 24 0 5 167/30
7 28% 19 0 3 45 2 5 121/58
8 46% 5 1 0 8 0 1 128/13
9 19% 12 0 4 47 2 15 84/42
10 38% 1 4 0 4 4 0 55113
14 33% 8 3 2 18 5 5 100/27
i5 24% 1t 3 2 47 3 11 92/51
16 18% 5 1 0 33 2 8 72/33
19 1% 4 1 i 11 5 pA 52118
20 30% 7 0 1 14 3 3 36/20
21 33% 2 1 1 4 1 1 16/6

The total number of individual females present =tandem+sole — multiple matings.

the frequency of teneral andromorphs was less
than or equal to 58-6%. Comparison of the
proportion of tenerals marked that were later
resighted as mature adults indicated that survivor-
ship to sexual maturity did not differ berween
the morphs (x*=1-37, df=1, P>01). Neverthe-
less, although andromorphs represented 59% of
the sample of females marked as tenerals, they
represented only 24% of the females marked
as adults. These seemingly contradictory results
are parsimoniously explained if relatively more
heteromorphs than andromorphs emerged before
1 began marking tenerals on 7 June. This sam-
pling bias would result in a shorter life span of
mature andromorphs, because they would have
been younger at the time of the population
decline, Of the 166 mature females for which
life span data are presented, 39% of the andro-
morphs and 16% of the heteromorphs were
marked as tenerals.

Similarly, in 1982, there was no diiference
between morphs in the proportion marked as
tenerals that were resighted as sexually mature
females (x°=183, df=1, P>0-1). Nevertheless,
andromorphs represented 48% of the teneral
females but only 37% of the females marked as
adulis (y?=4-5, df=1, P<0-05). In this year, of
the 103 sexually mature females for which data

on life span were available, 14% of the andro-
morphs and 17% of the heteromorphs were
marked as tenerals.

Predation on adults and teneral damselflies at
the two study sites is shown in Table X. Addition-
ally, over the course of the study six E. boreale
females were found dead in the water or on
aquatic vegetation, suggesting that submerged
oviposition carries a risk of mortality in this
species as it does for E. hageni {Fincke 1986a).
Five E. boreale females found in tandem were
missing all or parts of wings, and one was missing
her abdomen. Such damage seemed to be caused
by the large number of males that harassed
tandem pairs at the oviposition sites.

Daily and Seasonal Effects of Sex Ratio, Density,
and Morph Frequency on Maiing Efficiency of
Morphs

In 1980, the mean daily operational sex ratio for
E. boreale was 2-9:1 (males:females, range=1-5-
4-9), and 2-9:1 for E. hageni (range=1-4-5-6). For
both species, there was a positive correlation
between the number of females at the pond and
the number of males present (Fig. 2). The number
of females present was correlated negatively with
the operational sex ratio in E. boreale (r= — 0-58§,
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Table VI. Mecan fitness correlates and mating fequency of andromorphic and hetero-

morphic females

Andromorph  Heteromorph ty
Wing length {mm}
E. boreale 1980 19:96 + (02 19-53 £ 02 —2:19 s
(N=25) (N=19)
E. hageni 1920 18-26 £ 01 18-21 £ 0-04 0-46 s
(N=T7) (N=228
Life span {days)
E. boreale 1980 3-60 £ (-54 331 £ 037 0-44 NS
E hageni 1980 221 2 (26 2194+ 0-18 0-04 Ns
1981 17 022 25 +0:29 - 2:22*
1932 7324 1-06 804 4+ [-08 ~0-48 N8
Visits to pond
E. boreale 1980 1-36 & 0-08 144 + 0-08 ~-071 ns
E. hageni 1580 136+ 006 131 £ 004 0-69 NS
1981 109 £ 0-60 1-21 % (+65 ~ 137 N8
1982 1443 + 131 192 + 1-60 ~ 191 Ns
Mates/clutch
E. boreale 1980 [-67+ 008 [-69 +0-08 —0-14ns
(N=53) (N=65)
E. hageni 1981 125+ 013 1-09 + 003 115 ns
(N=23) (N=72)
1982 124+ 0-07 115 0-05 107 Ns
{(N=30) {N=5T)
Tandems with unigue males
E. boreale 1980 2:09 £ 0-10 221 £ ¢ 10 — 0-80 N5
E. hageni 1980 1-56 £0-10 152 £0:06 0-34 NS
1981 0-61 £ 011 0-83 = 0-08 — 156 ns
1982 1-73 £0-20 2:17+£0:22 — 144 ns

At Andromorphs; H: heteromorphs.
Unless noted otherwise, sample sizes are
274H; 1981; 51A, 115H; 1982: 37A, 66H.

E. boreale 53A, 66H; E. hageni 1980: 96A,
Difference in life span of E. hageni between

1980 and 1982 was an artefact of sampling (see Methods).

*P<0-03.
TStudent’s t-test.

N=15, P<0-02) but not in E hageni (r= — 049,
N=14, P>0-05). Daily operational sex ratio was
not correlated with the density of males at the
breeding site for either E. boreale (r=0-17, N=15
days, P>0-5) or E hageni (r=025, N=14 days,
P>0-3). As shown in Table X1, for both species,
the daily mating efficiency of females of either
morph was not correlated with the operational sex
ratio, or with the density of males or females. For
E. boreale but not for E. hageni, mating efficiency
of heteromorphs was correlated positively with
the frequency of andromorphs. The correlation
for andromorphs, although not significant, was
also positive.

For E. boreale, there was a seasonal decline in
the number of andromorphs scen for the first
time at the pond (r= — 0-64, P<0-01). As shown

in Fig. 3a, this decline paralleled the decline in
frequency of andromorphs visiting the pond
daily. Because the number of E. boreale males
present at the pond increased over the same time
span, the frequency of andromorphs at the pond
was correlated negatively with the density of
males (r= —0-52, P<0-05), but was not corre-
lated with the operational sex ratio (#= - 0-01,
P>0-9). For E. hageni, the density of both males
and females decreased significantly over the
study but the frequency of andromorphs at the
pond was not correlated with either the day of
study (Fig. 3b), the density of males (r= —0-08,
P>07), or the operational sex ratio (r=0-50,
£>0-07). Despite seasonal trends in male density
at the pond for both species, and in the fre-
quency of andromorphic E. boreale, there were
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Table VIL Lifetime fitness correlates of andromorphic and heteremorphic E hageni

females
Andromorphs Heteromorphs
N X+ N Xxs ™
Oviposition (min)/life span 19 427+ 57 35 459+ 61 — 033 Ns
Oviposition {min)/clutch 19 297+35 35 285+29 0-25 Ns
Inter-clutch interval (days) 11 79+ 1-6 30 62407 1-09 ns
Maturation rate (days} 17 84412 14 Ta6£12 0-49 N3
All data are from 1982 except for maturation rate (1981).
*Student’s -test.
Table VII. Mating failure of E. hageni morphs in 1981
Andromorphs Heteromorphs P
Females seen once
Mated 16 4] 075 >0
(18-18) (38-82)
Unmated 21 38
(18-81) (40-18)
Females seen > 2 days*
Mated 7 3 72 <001
(10-64) (27-36)
Unmated 7 5
(336) (8-64)

Expected values in parentheses were calculated from the proportion of the morphs in the

samples.

*In this class, andromorphs were sighted less often (¥=21 4+ 0-07 days) than hetero-
morphs (X=2:5x0-11 days, f=—3-08, P<001) and had shorter life spans
{X=3'5+055 days) than heteromorphs (X=35-8 £ 0-65 days, = — 2-63, P<{05).

no seasonal effects on fitness correlates with
respect to morph type (Table XII}). Although
female life span in E. hageni declined in late
season, this decline did not differ between colour
morphs.

DISCUSSION

Male Bias Towards the Majority Morph

Resulis of my experiment with tethered indi-
viduals coupled with those of past experiments
with pinned or tethered females suggest that
coenagrionid males more readily recognize as
‘female’ the most abundant morph in a given
population. A frequency-dependent mode of
male discrimination, reminiscent of search image
formation by foraging vertebrates (e.g. Mook et

al. 1960; Tinbergen 1960; Paulson 1973), more
parsimoniously explains the comparative data in
Table 1I than does the ‘male mimicry’ mech-
anism proposed by Robertson (1985). Because
the daily frequency of morphs at the pond varied
considerably, plasticity in search image forma-
tion would seem to be more advantageous than
a fixed one for a given male or population. For
both E. boreale and E. hageni, a male’s search
image was not fixed with respect to male geno-
type (see also Conrad & Pritchard 1989; Cordero
1992), in contrast with Johnson’s (1973) finding
that I damula males were either ‘androphilic’ or
‘heterophilic’ when provided with a surplus of
females under laboratory conditions. Plasticity
of search image formation by males within a
population is currently being investigated
experimentally.
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Table IX. Number of E. hageni marked as tenerals and adults in 1981 and 1982 at East

Point Pond

Tenerals resighted as

Tenerals marked

mature adults

Adults marked

Year A H u Males A H Males A H Males
1981 73 48 53 145 20 18 58 31 97 230
1932 13 14 11 32 5 11 22 32 55 142

A: Andromorphs; H: heteromorphs; U: female morph colour undetermined.

Table X. Number of observed acts of predation on tandem pairs, single adults and
tenerals of E. hageni and E. boreale (1980, 1981)

Single adults Tenerals
Tandem
pairs Males Females Males  Females

Spiders (orb weavers) 20 1 2 1
Ground spiders i*

Walter scorpions 3

Robber flies 2 1

Grasshoppers 1* 1 1

Diving beetles 1

Gomphid dragonflies 3 i

Frogs 1* 3 1

L verticalis damselfly females 3 1

*Indicates only the tandem female was known to be eaten.

In contrast with my conclusion that males more
readily recognize the majority morph as ‘female’,
De Marchi (1990) found that male Calopreryx
splendens rtesponded equally to live, tethered
andromorphs and heteromorphs, despite the fact
that andromorphs represented only 16-13% of the
females in the population. Unlike coenagrionids
listed in Table II, whose males search for females,
C. splendens males defend oviposition sites that
attract females, thereby decreasing the value to
males of a search image for conspecific females.
However, because heterospecific Calopteryx also
used the same oviposition sites, the ability of
males to discriminate between conspecific and
heterospecific females would be adaptive. On the
other hand, if males primarily recognize the sex of
conspecifics by flight patterns, but in the absence
of such cues determine sex by wing coloration,
this latter ability could not have been detected
without preventing females from flying (De
Marchi used a long tether which enabled females
to fly around naturally).

Unlike vertebrate search images which result
in frequency-dependent shifts in the prey taken
{e.g. Holling 1959; Greenwood & Elton 1979;
Pietrewicz & Kamil 1981), the bias of male
E. hageni for tethered females of the majority
morph did not result in these females being
taken in tandem sooner in the day or meore
frequently. This was not surprising, given that
loss of a potential mate has greater fitness conse-
quences for a male damselfly than loss of a
potential prey item has for a bird. For both
Enallagma species, only about a third of the
mature males were seen to mate over their life-
time, suggesting strong selection on male mate-
finding ability. In fact, male E hageni reacted
significantly more positively to tethered andro-
morphs than they did to tethered conspecific
males, indicating that males were able to distin-
guish andromorphs from male conspecifics (see
also Bick & Bick 1965, Robertson 1985;
Cérdoba-Aguilar 1992). The finding that males
discriminate between morphs, coupled with the
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Figure 2. The number of E. boreale {a) and E. hageni (b}

females present as a function of the number of males at
the pond (1980 data).

200

lack of differences between morphs in mating
frequencies under natural conditions, suggest
that andromorphs and heteromorphs use differ-
ent behaviour patterns to avoid detection by
males (e.g. Robertson 1985; Cordero 1989;
Cordoba-Aguilar 1992), but that they do so with
equal success.

Failure to Reject the Null Hypothesis
Mating and reproductive success

My study failed to uncover any advantage to
andromorphic females of ‘mimicking males’.
After ovipositing, heteromorphs were as likely as
andromorphs to resist additional matings by
males taking them in tandem. Moreover, my
analysis of daily matings cast some doubt on
Robertson’s (1985) conclusion that [ ramburi
andromorphs mated less frequently relative to
their abundance than did heteromorphs. Had 1
compared, as did Robertson, the proportion of
total tandems by andromorphs with the frequency
of andromorphs at the pond on any 2 days of the
study, I could have concluded that E boreale
andromorphs mated either more {e.g. days 5 and
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6, Table IV) or less frequently than expected by
chance (e.g. days 15 and 19), when in fact males
mated randomly with respect to the daily fre-
quency of available morphs {see also Conrad &
Pritchard 1989; Cordero 1992). Female E. hageni
morphs did not differ in oviposition duration,
inter-clutch interval, or rate of sexual maturation.
Similarly, Thompson (1989) found no difference
between the two morphs of Coenagrion puella in
the rate of sexual maturation or the number of
clutches laid.

Alternatively, differences between the biology
of Ischnura and other coenagrionids may account
for a selective advantage to andromorphs in
I ramburi but not in other species. Whereas
unreceptive female E. boreale and E. hageni avoid
the breeding site during days between maturation
of egg clutches, I ramburi females continue to
feed and rest around the breeding site {H. M.
Robertson, personal communication, 1992) where
they may be harassed by males. Furthermore,
multiple matings may represent a greater relative
‘cost’ for L ramburi because they mate for as long
as 3 h and do not submerge to oviposit. In con-
trast, £, boreale and E. hageni mate for about half
an hour and females exchange matings for male
guarding which decreases the chances that a
female drowns after oviposition. Interestingly, I
saw only one andromorph in an I verticalis
population (=533 females) where females
effectively rejected multiple matings by using
wing displays and were essentially monogamous
(Fincke 1987). Nevertheless, in £ graellsii, which
has copulations as long as those in I ramburi,
mating frequency did not differ between andro-
morphs and heteromorphs (Cordero 1992).

Contrary to Hinnekint’s (1987) hypothesis that
andromorphs should be favoured at high male
densities but not at low male densities, I found no
density-dependent mating benefits or costs for
morphs of either Erallagma species in spite of a
seven-fold fluctuation in the daily density of males
and a seasonal effect on male density around the
ponds. The frequency of E. boreale andromorphs
visiting the pond actually decreased as male den-
sity increased. Because the operational sex ratio,
which was always male biased, was not correlated
with male density, | conclude that the negative
correlations between the number of females and
the operational sex ratio were a consequence,
rather than the cause, of low female density on
certain days. Hinnekint (1987) used a similar
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Table XI. Correlations between the mean daily mating efficiency of female morphs, and
the operational sex ratio, density of males and females, and andremorph frequency of

Enallagma study species in 1980

Female density

Operational — Andromorph
sex ratio Male density A H frequency
E. boreale
Andromorph -014 — 044 -017 —-026 (-44
Heteromorph -011 — 035 -003 ~-026 {-53*
E. hageni
Andromorph 0-25 0-11 -005 —014 0-11
Heteromorph 0-35 —0-08 006 —005 0-36

A: Andromorphs; H: heteromorphs.
Mating efficiency= 1/mates/clutch.

E. boreale, N=15 days; E. hageni, N=14 days.

*P<0-05.

negative correlation to conclude that females were
repelled from the breeding site at high male den-
sities. However, because males visit the pond more
often than do females (Fincke 1982), a high opera-
tional sex ratio could result from chance alone, if
relatively fewer females were ready to lay eggs on
some days than on others. Moreover, for classes
of E. hageni females sighted an equal number of
days, the proportion of females that were not seen
to mate did not differ between morphs, even in
1981 when male density was abnormally low.

Finally, my data did not provide evidence for
either frequency-dependent or sex ratio-dependent
differences in mating efficiency between the
morphs, in spite of as much as a two-fold differ-
ence in daily morph frequency at the pond (see
also Garrison 1978) and a four-fold difference in
daily sex ratio. Furthermore, despite a seasonal
effect on male density for both species, and on the
frequency of E. boreale morphs, mating frequency
of the morphs did not fluctuate seasonally in
either species. For E. boreale, the correlations
between mean daily mating efficiency and andro-
morph frequency (Table XI) coupled with the
scasonal trend in male density and andromorph
frequency (Fig. 3a), suggested that at even higher
male densities, mating efficiency of both morphs
would decrease.

Given that my study populations did not over-
lap with sympatric Enallagma species to any great
degree, it seems unlikely that andromorphs in this
study enjoyed greater reproductive isolation than
heteromorphs, Nevertheless, elsewhere in the
county, E. hageni and E. ebrium bred simul-

taneously at the same site. At Barley Pond,
E. boreale overlapped with E. ebritm only late
in the season. Females of these two species are
very similar, and any interspecific tandems were
likely to have been overlooked. However, despite
the possibility of interspecific pairings, the speci-
ficity of the male abdominal claspers in many
coenagrionids that are similar in appearance make
it difficult for males to achieve heterospecific
tandems (Paulson 1974).
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Figure 3. Occurrence of andromorphs (@) and males
(O) at the pond. (a) E. boreale. Andromorph frequency
decreased over the season (r=—0-64, N=15, P<0-01),
whereas the density of males increased (r=0-64, N=15,
P<0-01). (b) E. hageni. Andromerph frequency did not
decrease over the season (r=0:04, N=15, P>0-7)
although male density did (r=— 0-83, N=15, P<0-0001).
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Table XII. F-values for season and morph effects on female reproduction and fitness in

E. boreale (1980) and E. hageni (1982)

Treatment effect

Season-morph

Variable Season Morph interaction

Total tandems

E. boreale 1-25 073 37

E. hageni 1-02 318 1-70
Visits to pond

E. boreale 1-535 0-90 0-44

E. hageni 1-01 2-44 0-76
Life span {days)

E. boreale 524 0-00 0:59

E. hageni 3-31% 003 0-54
Oviposition duration {min)

E. hageni 1-03 010 0-02
Inter—lutch interval (days)

E. hageni 096 011 1-89

*P<0-05. ANOVAS were done using GLM procedure of SAS (1988).

Survivorship

Contrary to both the male mimicry (Robertson
1985) and the reproductive isolation hypotheses
(Johnson 1975), sexually mature andromorphs in
the 1980 and 1982 populations did not suffer
higher mortality than the heteromorphs (see
also Thompson 1989; Cordero 1992). Similarly,
Forbes (1994) found that dragonfly predation on
female E. boreale was random with respect to
colour morph. The common predators in my
study populations (Table X) were more likely to
detect prey on the basis of their movement rather
than on body colour. If predators were more
likely to notice the blue andromorph, which in
many coenagrionids is less conspicuous to a
human observer than is the blue male (Walker
1953), one would expect bright blue males to
suffer higher mortality than the drabber females.
Yet lifetime survivorship of females (of either
morph) and males did not differ in the 1982
E. hageni population (Fincke 1986b), or in a
population of I gemina (Hafernik & Garrison
1986, andromorphs were lacking in this popu-
lation).

For E. hageni, both the greater proportion of
andromorphs in the teneral, relative to the
mature, female population in 1981 and 1982, and
the shorter life span of mature andromorphs
in 1981, were consistent with the hypotheses
that survivorship of tenerals and mature females

did not differ between morphs, and that emer-
gence of heteromorphs was earlier than that of
andromorphs. Differential emergence of morphs
coupled with a sampling bias of tenerals might
explain Thompson’s finding (1989) that in
Coenagrion puella, andromorphs accounted for
5-4% of the tenerals marked but represented
11-8% (not 13-3% as stated in the text) of those
surviving to sexual maturity, despite no differ-
ences between morphs in survivorship of mature
females. The reason for morph differences in
the timing of emergence is unclear. None the
less, in E. boreale, sexually mature andromorphs
appeared in the population earlier in the season
than did heteromorphs. If genes for body colour
and for the timing of emergence were in linkage
disequilibrium (see Futuyma 1986), colour poiy-
morphism in females might be an incidental effect
of fluctuating selection on emergence.

Stability of morph frequencies

By itself, the stability of morph frequencies that
I found in the E. hageni population over a 3-year
period is consistent with both the null and the
adaptive hypotheses. The null hypothesis predicts
no change in morph frequencies from year to year
in the absence of drift, mutation, selection and/or
migration (i.e. Hardy-Weinberg equilibrium, see
Futuyma 1986). Even given the low population
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density of E. hageni in 1981, the effective popu-
lation size in that year was at least 181, too large
for drift to have significant consequences on
morph {requencies during the study period. The
adaptive hypotheses also predict no change in
morph frequency, given that the population is at
equilibrium and the selective pressures on each
morph are similar from year to year. However,
despite an abnormally low density of males in
1981, a decline in andromorph frequency pre-
dicted by the density-dependent hypothesis was
not realized the following year (see also Conrad &
Pritchard 1989).

Andromorphic E. boreale i my Michigan
population were only half as common as in a
Canadian population of the same species studied
by Forbes (1994). This geographical difference in
morph frequency could result either from random
genetic drift or from a selective advantage gained
by andromorphs in the Canadian population. If
morph frequencies are determined by natural
selection, then experimentally changing the fre-
quencies of an isolated population should result in
the eventual return to pre-experimental conditions
(c.g. Barker & East 1980), whereas the null
hypothesis predicts such changes should persist,
assuming no immigration, emigration, or drift
occurs.

CONCLUSIONS

Because 1 faited to find any differences between
morphs in fitness trade-offs, and I found no
density-, frequency-, or sex ratio-dependent fitness
costs or benefits to morphs despite variation in
male density, morph frequency and operational
sex ratio, my data are consistent with the nuil
hypothesis that female colour morphs in these
Michigan populations of E. hageni and E. boreale
are neutral characters with respect to the fitness of
sexually mature females.

Although an adaptive value of female dimor-
phism was not demonstrated in these lifetime
studies of coenagrionid damselflies, such colour
polymorphism may be adaptive in other popu-
lations or species. For example, gene flow via
immigrating tenerals from populations where
one morph did have some selective advantage
might counter any tendency towards random
fixation of a morph in my study populations.
Alternatively, significant but subtle selective
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advantages of the polymorphism among popu-
lations or over evolutionary iime would not be
detected from my extensive study at a single site
over a few years. Strong evidence against the
null hypothesis would demonstrate one or more
of the following: (1) trade-offs in fitness corre-
lates between morphs, (2) density-, frequency-,
or sex ratio-dependent selection on morphs, (3) a
consistent correlation between morph frequency
(over a season or a geographical range) and
some biotic factor. It is hoped that the data and
arguments presented herein will challenge future
researchers to collect appropriate and sufficient
data necessary to demonstrate an adaptive
advantage for this perplexing phenomenon, if
one exists.
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